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[1] A method for classifying cloud phase from a suite of
ground-based sensors is outlined. The method exploits the
complementary strengths of cloud radar, depolarization
lidar, microwave radiometer, and temperature soundings to
classify clouds observed in the vertical column as ice, snow,
mixed-phase, liquid, drizzle, rain, or aerosol. Although the
classification has been specifically designed for
observations of Arctic clouds, the general framework is
applicable to other locations with minor modifications. An
example classification demonstrates the application to
actual measurements. Citation: Shupe, M. D. (2007), A

ground-based multisensor cloud phase classifier, Geophys. Res.

Lett., 34, L22809, doi:10.1029/2007GL031008.

1. Introduction

[2] Cloud phase identification is a necessary prerequisite
to performing cloud property retrievals from remote sensor
measurements. Most retrieval algorithms are specifically
developed and tuned for clouds of a particular phase and
type. Thus a cloud phase classifier is a crucial component to
any operational algorithm for deriving cloud properties at all
times and heights above ground-based atmospheric observa-
tories, such as those associated with the DOE Atmospheric
Radiation Measurement (ARM) and NOAA Study of
Environmental Arctic Change (SEARCH) Programs. For
the ARM program in particular a major programmatic
objective is to compute accurate radiative heating rate pro-
files above its ARM Climate Research Facilities (ACRF).
Such an endeavor is only possible with a reliable cloud
microphysics product which relies on a robust cloud phase
classification algorithm.
[3] There have been a number of cloud classification

methods proposed using satellite measurements based on a
variety of sensors and classification frameworks [Welch et
al., 1992; Tovinkere et al., 1993; Luo et al., 1995; Rossow
and Schiffer, 1999; Hu et al., 2001]. To a lesser degree,
ground-based classification algorithms have been explored.
In particular, methods using pyranometers [Duchon and
O’Malley, 1999], spectral infrared interferometers [Turner et
al., 2003], and combined active and passive sensors [Wang
and Sassen, 2001] have been suggested. Classification
methods are based on neural networks [Miller and Emery,
1997; Bankert, 1994], fuzzy grade-of-membership systems
[Baum et al., 1997; Shao, 2000, Talbot et al., 1999] and
pattern recognition systems [Ebert, 1987]. Others are based
on crisp, or fixed, threshholds between various parameters

such as optical depth and cloud top pressure/temperature
[Rossow and Schiffer, 1999]. Most methods are oriented
towards a classification of meteorological cloud types
[Bankert, 1994; Ebert, 1987; Rossow and Schiffer, 1999;
Wang and Sassen, 2001] such as cumulus, stratus, or
altostratus, although such classifications are of limited use
for the subsequent application of cloud property retrievals.
[4] Here, a method is presented to classify cloud hydro-

meteor phase in the vertical column above intensive Arctic
atmospheric observatories, such as the ARM and SEARCH
sites, from a set of key measurements. The classifications
are not meteorological in nature, but rather are specifically
tailored to determine the vertical distribution of hydrome-
teor phase to facilitate subsequent phase-appropriate cloud
microphysics retrievals. Furthermore, this type of classifi-
cation has application towards the assessment of model
simulations, where condensate is partitioned by phase, not
by meteorological cloud type. The classes considered here
include: liquid, drizzle, liquid+drizzle, rain, ice, snow,
mixed-phase, and aerosol (defined in Table 1). This classi-
fication algorithm represents the manifestation of a manual
cloud classification based on a combination of sensors
[Shupe et al., 2005] into a consistent, rule-based framework.
While many of the rules, or thresholds, employed in the
algorithm are based on physical principles and/or previous
studies, some have been subjectively tuned based on exten-
sive experience with seven years of multisensor observa-
tions to produce realistic, self-consistent classifications.

2. Instruments and Measurements

[5] Necessary measurements for the cloud phase classi-
fier include those from depolarization lidar, cloud radar,
microwave radiometer, and radiosondes. While other instru-
ments can contribute further insight into the characterization
of cloud phase, these four provide a sufficient level of
information. A multisensor approach is necessary in cloud
classification since no one instrument can unambiguously
classify cloud phase for all clouds at a given site under all

Table 1. Cloud Phase Type Classes

Class Description

Ice Only cloud ice particles
Snow Only snow particles (defined based on a reflectivity

threshold which is related to particle size)
Mixed-phase Cloud liquid droplets and cloud ice particles in the

same volume
Liquid Only cloud liquid droplets
Liquid+drizzle Cloud liquid droplets and drizzle drops in the

same volume
Drizzle Only drizzle drops (defined based on a reflectivity

threshold which is related to drop size)
Rain Only rain drops (defined based on a Doppler velocity

threshold which is related to drop size)
Aerosol Only aerosol or haze particles but no cloud particles
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